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INTRODUCTION
T he massage therapy can be examined as a tool for restoration, activation and recreation. This therapy has a wide application in sport. The development of the massage techniques is implemented in two directions: east and west. According to many studies, both directions have a positive effect on the human life [1] [2] [3] [4] [5] [6] [7] [8] [9] . Eastern massage therapy is based on the impact on biologically active points and energy meridians [1, [4] [5] [6] 9] . The Western massage therapy uses massage techniques to influence the lymph system [2, 3, 7, 8] . The massage therapy is defined as older than recorded time. The rubbing is considered as the primary form of medicine until the pharmaceutical revolution of the 1940s. Popularized again as part of the alternative medicine movement, massage therapy has recently received empirical support for facilitating growth, reducing pain, increasing alertness, diminishing depression, and enhancing immune function [2] .
This study combines several issues in regard to massage therapy, sports and technological development. First, the literature review confirms that the massage therapy has extensive application as rehabilitation means for eliminating painful symptoms, for increasing the range of motion [1, 4, [10] [11] [12] [13] [14] and in sports performance [4, 11, [15] [16] [17] [18] [19] . Second, the technological development in recent years, allows ex-tending the possibilities of influence in the field of massage therapy. Third, the relaxation is an important element of the restorative processes accompanying the training process. Muscle relеasing is a trait of the muscle function. It is related to motor coordination. Thus, unifying these three problems has formed the main idea of this study. Our attention was focused on the examination of the effect of combining restorative massage with additional impact through relaxing audio-video as a way for more efficacious relaxation.
According to the hypothesis of the study, the application of the visualization through stereoscopic glasses during the massage therapy will increase the relaxation effect of the massage.
The aim of this paper was the investigation of the relaxation effect after sports restorative massage in standard conditions and in conditions with additional impact by using relaxing 3D VR video through stereoscopic glasses. The supplementary purpose of the research was the study of the effect of the additional visualization during the massage therapy on the pain symptoms of athletes with musculoskeletal problems.
The object of the study was the relaxation level and the back pain of the participants. The choice of the relaxation as a main object of the article was made by reason of the significance of this problem. On this basis, the subject of the study was the heart rate, the back skin folds, and the subjective sensations of the athletes.
METHODS
The contingent of the study was 25 Bulgarian students from the National Sports Academy. The age of the participants was 22-28 years old. The composition of the study participants included 10 women and 15 men. The athletes have been practicing different kinds of sport like track and field events, football, basketball, volleyball, badminton and wrestling. The study participants were not specifically selected. The study was implemented for one month, from 1st to 31st March 2018.
The study had three conditions. The first condition included initial registration of the heart rate (HR) of every participant at rest, performance of the massage procedure in standard conditions and final HR fixation (Figure 1a) . The second condition contained initial HR measurement, combined massage with additional impact of relaxing 3D VR video through stereoscopic glasses and final HR measurement (Figure 1b) . The duration of each massage procedure in both conditions was 45 minutes. For comparison, the information from the literature review shows that similar studies use different duration of massage procedure: 15, 30, 40, 45 and 60 min [28, 30, 34, 36] . A restorative sports massage was used for the needs of the study. The specific location of this massage was muscles and muscles groups of the back, upper and lower limbs. Each massage procedure included an impact on these three segments. In the third condition, a musculoskeletal state assessment of the participants was made. On this basis, the contingent for investigation of the influence of relaxing 3D VR video on the pain symptoms was defined.
The restorative massage applied the indicated methods in the following sequence: smoothing, squeezing, friction, squeezing, strong friction, squeezing, continuous vibrations, squeezing, and smoothing ( Figure 2 ). It is obvious that the squeezing technique had an emphasized place in the recreation massage therapy applied to the study -about 50c/o of the total time.
A video processing of the 3D VR video files for the needs of the study was done. The created video files contained nature pictures and sounds, kaleidoscopes with different colors and other relaxing influences. The duration of the created video files was equal to the massage procedure time.
Stereoscopic glasses working with a smartphone were used as additional means for increasing the relaxing effect. The specifications of the device are the following: brand BOBOVR, model Z5, type VR headset, and compatible with smartphones with size 4.7-6.2 inch. This VR glasses are with autonomous headphones that allow the more concentrated audio impact. The brand of the smartphone used is Samsung J7. The video resolution of the smartphone is FHD and allows for high quality video.
The following scientific methods were used for the needs of the study: pedagogical observation, pedagogical experiment, survey and statistical methods.
To accomplish the main purpose of the study, the measure procedures included HR measurement (beats per minute) and self-rated state of relaxation. To complete the sup- plementary purpose of this study, were used the skin fold lift test and the visual analog scale. Also, the comments of the athletes about their pain sensations have been reported.
The heart rate measure procedure was manually accomplished with the help of chronometer model MAS-JS-9003, maker JUNSO ( Figure 3 ). The number of the heart beats per minute was fixed to each participant while lying on the back ( Figure 3 ). The subjective evaluation of the relaxation state was established using a survey with pre-formulated response variants. The participants were asked to give the answers that corresponded to their relaxation level. The survey contained questions about self-assessment of mental, emotional and muscular tension. A 4-degree scale was used for each question: Grade 1 -high tension, grade 2 -medium tension, grade 3 -low tension, grade 4 -no tension.
We used a visual analogue test with 10 numeric horizontal scales and skin fold lift test to objectify the data from the functional study. These tests were performed through palpation and pain intensity assessment of the subjective sensations of the participants surveyed. For a practical convenience in analyzing the results, we grouped the assessments from the visual analogue scale (VAS) as follows: grade 1 -absence of pain, score 0; grade 2 -mild pain, score from 1 to 3; grade 3 -moderate pain, score from 4 to 6; grade 4 -severe pain, score from 7 to 10.
The study of the skin fold was accomplished on the basis of the results of the VAS. During the skin fold lift test, the resistance of the skin in the affected of the trigger point's zone of the back and the pain sensation from the performing test were assessed. The collected data was evaluated by using a four degree scale. Grade 1 -no resistance and no pain, grade 2 -a little resistance and a weak pain, grade 3 -with resistance and strong pain, plus orange peel skin type, grade 4 -no skin folds and very strong pain.
The measurement was implemented in the following conditions: ambient temperature -23°, humidity -35 c/o, and high skill level of the therapist.
Statistical Analysis
The collected data was statistically processed and analyzed. The computer program SPSS Statistics 17.0 was used for this purpose. First, a descriptive analysis was done (mean, standard deviation). Second, Shapiro-Wilk test was used to determine normality of data distribution. Third, a comparison of the variables with Paired-Samples T Test for dependent samples was made. We have considered p-values < 0.001 as statistically significant.
The descriptive analysis showed that the variation coefficient (V) in all variables studied is between 6-13%. Hence, the conclusion is that the sample is with a normal data distribution. Furthermore, the pedagogical experiment was based on a single studied group. On this basis, only the t-criterion of Student for dependent samples was used for the needs of the study.
RESULTS
The results are shown in Tables 1 and 2 . All of the results are with an extremely statistical significance. Table 1 shows the results of the descriptive analysis. It includes data on the age and the sex of the participants and the established heart rate at the various conditions of the study. The heart rate of each participant is measured before a massage procedure, after a restorative massage, and after a restorative massage in combination with the use of the stereoscopic glasses to complement the massage effect with 3D relaxing audio-video. The indicators surveyed were established for all participants and separately, for men and women. Table 2 illustrates the statistical significance of the variables studied. The values of the absolute growth (d), the relative growth (d c/o) and the probability values of the differences (p-values) are shown. Figure 4 shows the standard deviation values of the heart rates (beats per minute) for the various subjects in the three conditions of the study: initial, after a massage procedure, and after a combination of massage and relaxing 3D audiovideo through stereoscopic glasses.
DISCUSSION
The key findings of this study are in regard to the effect of combined impact of a restorative massage and 3D relaxing audio-video through VR glasses on the relaxation level of the athletes and the pain symptoms of the participants with musculoskeletal problems. The positive physiological effect of the restorative massage is well-known [10, 11, 17, 18, [20] [21] [22] . The application of this type of massage procedure leads to regulation of the processes in the cerebral cortex, to normalization of the blood and lymph circulation, to acceleration of the metabolic processes, the tissue nutrition and oxygen supply, to recovering and improving of the working capacity.
In some of the reviewed literature sources, the authors compare the effect of massage therapy with the effect of relaxation therapy and their impact on musculoskeletal pain [20, 23] . Other authors investigate the influence of manual massage on muscle relaxation through evaluation of trunk flexion [24] . In one study, the relaxing effect is achieved by using relaxation tape recordings [23] . Three main outcome measures are achieved: self-rated health, mental energy, and muscle pain. In other study the effect of the two types of therapies was realized by the authors through assessment of the saliva cortisol (stress hormones) level, mood, anxiety level, neck, shoulder and back pain, range of motion including neck extension and shoulder abduction [20] . In another reviewed literature source, the authors analyze effectiveness of massage therapy by using the heart rate together with other indicators like state anxiety, blood pressure, mood, assessment of pain, and cortisol level [25] .
The main task of this study was to compare the relaxing effect of restorative sports massage with the combined effects of massage and 3D relaxing audio-video through stereoscopic glasses. An additional task is the investigation of the mentioned two types of the influences on the pain symptoms of the participants. On this basis, we have chosen the heart rate and the subjective sensations as indicators for determining the level of relaxation. The skin fold lift test, the visual analog scale, and the pain sensation survey were used to determine the effect of the influences on the lower back pain reduction. During the research of the literature, we found many references that use the heart rate as an indicator for assessment the effect of different massage therapies [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In these studies the effectiveness of massage therapy was analyzed through HR together with complementary parameters. As example, the purpose of one of commented studies is to determine whether massage significantly reduces anxiety, pain, and muscular tension and enhances relaxation compared with an equivalent period of rest time after cardiac surgery [26] . In other study the aim was to investigate the immediate effects of traditional Thai massage on stress-related parameters including heart rate variability, anxiety, muscle tension, pain intensity, pressure pain threshold, and body flexibility in patients with back pain associated with myofascial trigger points [36] . The research approach in our study has some similarity to the idea of a reviewed study, which aimed to investigate possible effects of mechanical massage and mental training through heart rate, blood pressure and fingertip temperature measurement [33] . Thus, from the discussed literature it can be concluded that heart rate is a widely used parameter for assessing the effect of different types of massage.
Another argument about the decision for the assessment of the relaxation level with the help of HR measurement and the evaluation of the subjective sensations was dictated by their easy and timely application. The results obtained are processed and analyzed quickly and easily. It is known Heart Rate (beats per min) Figure 4 . Standard deviation values of the heart rate in the different conditions of the study that many external factors affect the heart rate. This fact is not particularly important in this research, because the aim is to determine and compare the differences of the values of this indicator established in each condition of the study. The focus is not on the objectivity of the values, because the HR depends on various external factors. Furthermore, the impacts applied during the study were performed under exactly the same environmental conditions: temperature, humidity, noise background, lighting, etc. The study established that the average value of the participant's age was 24.2 years. On the basis of three comparisons, the results from the two impacts of the study were analyzed. It was expected that the relaxing effect from the application of the restorative sport massage will be established. The heart rate variation before the massage (74.4bpm), after the massage procedure in normal conditions (65.7bpm), and after the massage with additional 3D VR visualization (57.6bpm) was defined with the help of the descriptive analysis of the results (Table 1, Figure 4 ). For confirming the hypothesis of the study, first, the growth between the initial and the final HR after the massage in standard conditions was defined (-11.7c/ o; p=0.001). The result obtained is statistically significant. The detected heart rate delay was expected. It is the result of the nature of the massage procedure used. Similar results are described in some of the studies cited in the literature review [26, [28] [29] [30] [31] [32] [33] [34] . Second, the increase between the initial and the final HR after the massage with the usage of the stereoscopic glasses was calculated (-22.6c/o; p=0.001). The statistically significant result again impresses. The use of additional relaxation with VR glasses combined with the massage procedure, leads to a significant delay in heart rate. On this basis, it can be concluded that the relaxation level is also increased. Third, the difference between the growths of the two impacts was found (-8.1 bpm; p=0.001). The established results were in favor of the new impact. It is obvious from the percentage growth, that the relaxing effect from the combined influence of the restorative massage and 3D VR visualization was twice increased. The analysis of the collected data was completed with relation founded between the results of the men and the women (Figure 4 ). It appears that the level of relaxation is similar in the both sexes in all stages of the study. Nevertheless, the results of the women were slightly better than of the men. It is important to be mentioned that the subjective sensations of all participants were 100c/o positive regarding the use of the 3D visualization through the stereoscopic glasses during the massage procedure. All of the athletes examined stated in the survey that they had achieved a better quality of relaxation after the new impact. This fact can be explained as a result of the accumulation of impacts that have a relaxing effect. Performance of a restorative massage only, leads to muscle releasing. Combining this massage with the additional impact through virtual reality glasses increases the total relaxation effect. The declared feeling of a high level of relaxation by the participants surveyed can be explained by the deeper and more comprehensive impact through the new approach. The use of 3D relaxing video in combination with the massage procedure helps to increase the relaxation in its three main levels -muscular, emotional and mental.
In the next stage of the study, a skin fold lift test was applied before and after the restorative massage in both types of conditions during the massage procedure: standard and with 3D visualization by stereoscopic glasses. At the beginning of the test, five participants have been diagnosed with resistance and strong pain in the lumbar spine (grade 3). After a restorative massage under normal conditions, we found less resistance and weaker pain (grade 2). During and after the audio visualization through the virtual reality glasses, painful symptoms were not observed. The lack of pain during the rehabilitation massage with audiovisuals, allowed us to apply massage techniques to reduce tissue resistance and restore the skin's mobility towards underlying tissues.
The explanation for the positive result found in the two studied directions can be based on the physiological processes in the brain. It can be assumed that the application of the 3D visualization through stereoscopic glasses with relaxing influence during massage therapy leads to a balance of the cerebral cortex processes and this is the reason for the increased releasing effect of the restorative massage and for the reduction of the pain symptom to athletes with established musculoskeletal problems.
The study is limited by factors such as age, education, social and health status, sports qualification. Furthermore, the analysis of the results is not bound with the nature of the sport practiced by the participants. As an additional limit, the size of the sample and the duration of the study can be defined. Another limitation of the study is the absence of a device which is able to measure relaxation. Extending these limits in further researches of this nature, will allow to draw more general and categorical conclusions regarding the effects found in this study.
CONCLUSIONS
The study confirmed that the hypothesis of the paper is correct. This allowed concluding that the usage of the modern multimedia means can be combined successfully with massage therapy for better results.
The positive results found give us a reason for the extension of the study. In further researches the number of the participants of different ages and with various sports qualification will be investigated. The combined effect of the tonic massage and appropriate 3D VR visualization will be investigated. Another possibility to extend the study is to provide a sufficient contingent of athletes with established musculoskeletal problems to prove the statistical significance of the positive effect of the 3D VR visualization on the pain symptoms.
